Conversion of short-term potentiation to long-term potentiation in mouse CA1 by coactivation of β-adrenergic and muscarinic receptors.
Encoding new information requires dynamic changes in synaptic strength. The brain can boost synaptic plasticity through the secretion of neuromodulatory substances, including acetylcholine and noradrenaline. Considerable effort has focused on elucidating how neuromodulatory substances alter synaptic properties. However, determination of the potential synergistic interactions between different neuromodulatory systems remains incomplete. Previous results indicate that coactivation of β-adrenergic and cholinergic receptors facilitated the conversion of STP to LTP through an extracellular signal-regulated kinase (ERK)-dependent mechanism. ERK signaling has been linked to synaptically localized translation regulation. Thus, we hypothesized that costimulation of noradrenergic and cholinergic receptors could initiate the transformation of STP to LTP through up-regulation of protein synthesis. Our results indicate that a protocol which yields STP (5 Hz, 5 sec) when paired with coapplication of the β-adrenergic agonist, isoproterenol (ISO), and the cholinergic agonist, carbachol (CCh), induces translation-dependent LTP in mouse CA1. This form of LTP requires both β1-adrenergic and M1 muscarinic receptor activation, as blocking either receptor subtype prevented LTP induction. Blocking ERK, mTOR, or translation reduced the expression of LTP induced with ISO + CCh. Taken together, our data demonstrate that coactivation of β-adrenergic and muscarinic receptors facilitates the conversion of STP to LTP through a mechanism requiring translation initiation.